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BACKGROUND OF THE INVENTION 



This invention pertains to method of quantitative analysis of library of organic 
compounds by isotope dilution mass spectrometry, particularly in a metabolic stability 
assay wherein said compounds are treated with enzymes of the liver to determine the 
extent of metabolism. Said compounds are usually drug candidates resulting from high 
throughput syntheses. 

In searching for new drugs for a particular disease, scientists usually start from a 
lead compound and synthesize several hundreds of analogs for testing in a process called 
high throughput synthesis. These analogs, or chemical compounds with different 
chemical structure variations from the lead compound, constitute a so-called "library" of 
drug candidates. With careful synthesis planning, scientists can come up with a number 
of good candidates for the preliminary testing of efficacy. The good candidate 
compounds are then subjected to different assays with animal and human tissues to 
determine their safety as pharmaceuticals. Metabolic stability assay is an assay used to 
determine the extent of metabolism of a drug candidate compound when it passes through 
the liver. Said assay measures the remainder of a candidate compound as a percentage of 
its original concentration after its contact with the enzymes of the liver. The data from the 
assay will tell whether a drug candidate is extensively metabolized or poorly metabolized 
within a certain period of time in the body. 

Metabolism is the mechanism by which the body uses to eliminate a drug 
substance. Because all body fluids are aqueous, said method of elimination, or 
metabolism, is the conversion of drugs into water soluble compounds. Enzymes in the 
liver are responsible for this conversion. Said enzymes of the liver are usually called the 
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cytochrome P450 enzyme systems. Sources of enzymes include crude liver tissues, 
microsomes, S9 fractions, and individual isozymes. Said enzyme actions include 
hydroxylation, demethylation, ester hydrolysis, etc., wherein drugs are converted to the 
so-called "metabolites 5 ' which are drugs that are hydroxylated, demethylated, hydrolyzed, 
etc. Even though metabolites are no longer drugs, they are still structurally similar to 
drugs. Therefore, a reliable metabolic stability assay must include an analysis method that 
can positively identify and accurately quantitate a drug candidate among all of its 
structurally similar metabolites in the enzyme reaction medium. Mass spectrometric (MS) 
method is currently a method of choice for said analysis. 

Said MS method identifies a drug candidate by its molecular weight ion and/or its 
daughter ion and measures its concentration by quantitation of these ions. To ease 
quantitation an internal standard is added to crude enzyme reactions after termination of 
reactions. Quantitation is made based on ratios of ions of drugs and said internal standard. 
Examples of metabolic stability assays using only one internal standard for the entire 
library of drug candidates are common. Usually no calibration curve is constructed and 
no extraction method for crude enzyme reactions is performed. 

Analysis of crude enzyme reactions most often includes a centrifugation step to 
separate the macromolecules such as protein from the aqueous part. Without this protein 
separation step, analysis of the crude enzyme reactions will result in poor signal and build 
up solvent pressure. Automated centrifugation is difficult, but sample clean up by 
centrifugation is not all that desirable. If an extraction step is performed instead of a 
centrifugation step, the resulting mass spectrometric signal is usually much better. But 
sample clean up by extraction does have a disadvantage, that is, it is difficult to work out 
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an extraction method wherein good recoveries of the internal standard and all drug 
candidates in the library are achieved. However, if stable isotope internal standard for 
each drug candidate is used, then good recoveries will not be necessary. The present 
invention discloses a metabolic stability assay using MS analysis which includes an 
automated synthesis of stable isotope labeled internal standards, an automated enzyme 
reaction protocol, an automated extraction method of crude enzyme reactions, and an MS 
analysis of said extracts. 

A mass spectrometric analysis method using stable isotope labeled internal 
standard(s) is commonly called isotope dilution mass spectrometry. This method takes 
advantage of the similar chemical and physical behaviors of analytes and their respective 
isotope labeled internal standards towards all phases of sample preparation (extraction, 
derivatization, etc.) and also towards instrument responses (similar retention time, similar 
signal response, etc.). It uses the mass differentiation between analytes and their 
respective internal standard for the quantitation of the ions. In a nutshell, a metabolic 
stability assay using isotope dilution MS analysis will provide accurate results regardless 
of the extraction recoveries of the drug candidate compounds and their labeled internal 
standards. All it requires is the availability of stable isotope labeled internal standard for 
each drug candidate compound. 

The commonly used stable isotope labeled internal standard of an analyte is a 
chemical compound that has the same chemical structure as that of the analyte except that 
one or more substituent atoms are stable isotopes (deuterium, C-13, N-15, 0-18). 
Synthesis of individual isotope labeled internal standards for said metabolic stability 
assay is an enormous task. The automated synthesis would be almost impossible. 
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However, there are alternative ways to achieve the same objective. The objective is a 
short, reliable, and automated method of synthesis of stable isotope labeled internal 
standards that is suitable for the analysis of the compound library, but not the synthesis of 
stable isotope labeled drug candidates. 

Isotope dilution mass spectrometric analysis requires that both analyte and its 
internal standard must have identical chemical structures, with the exception of the 
isotope atoms which provide the mass differentiation for quantitation. Said requirement 
ensures same extraction recoveries for both and same instrumental responses for both. If 
both said analyte and its stable isotope labeled internal standard are reacted with the same 
chemical reagent before analysis, then the products of said reactions must be structurally 
identical. This type of reaction is common in isotope dilution gas chromatography-mass . 
spectrometry analysis (GC-MS) wherein the reagent used is usually called "derivatizing 
reagent". The analysis becomes the analysis of the"derivatized" analyte and the 
"derivatized" internal standard, but their ion ratios remain unchanged. Automated 
metabolic stability assay using isotope dilution MS analysis method is feasible if both 
drug candidate and its internal standard are converted to compounds of identical 
structure, except the labeled atoms, before analysis. If said conversion is performed 
before extraction from the reaction medium, then their extraction recoveries will be the 
same. The present invention discloses said conversion in an automated fashion as a 
method to convert drug candidate compounds to compounds of identical structure as that 
of said isotope labeled internal standards in reaction medium before extraction wherein 
said labeled internal standards are already added. 
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Using well known efficient chemical conversion methods, stable isotope labeled 
internal standards are synthesized in an automated fashion from a portion of the drug 
candidate compounds and with only one stable isotope labeled chemical reagent. While 
the enzyme reactions of another portion of said drug candidate compounds are being 
carried out, said labeled internal standards are isolated by an automated extraction 
method and then added to appropriate enzyme reactions after they are terminated. A non- 
labeled version of said chemical reagent is added to said terminated enzyme reactions to 
transform said candidate compounds into compounds of identical structure, except the 
labeled atoms, as those of said added labeled internal standards. An automated extraction 
step for the crude enzyme reactions follows, and the final extracts are then analyzed by 
mass spectrometry. 

Said efficient chemical conversion methods are selected based on the type of 
functional group present in said drug candidate compounds. For example, for said drug 
candidate compounds that have either a primary or a secondary amino group, said 
efficient conversion method is the transformation to an acetamide by using an excess of 
acetic acid anhydride. Said conversion is a one-step simple operation and can be 
performed in an automated fashion. One chemical reagent such as acetic acid anhydride- 
d6 can convert all the primary and secondary amino group containing drug candidate 
compounds in an automated fashion to acetamide-d6 analogs. The excess acetic 
anhydride-d6 is destroyed and said acetamide-d6 analogs are separated by an automated 
extraction and then added to enzyme reactions after they are terminated. Said terminated 
enzyme reactions are then, in an automated fashion, treated with excess acetic acid 
anhydride to transform said drug candidate compounds to acetamide analogs. Said 
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acetamide-d6 analog in each terminated enzyme reaction is unreactive toward acetic acid 
anhydride. Both said acetamide-d6 analogs and said acetamide analogs in said terminated 
enzyme reactions are then extracted in an automated fashion, and the extracts are injected 
into a mass spectrometer for analysis. 

This invention discloses an automated synthesis method for said drug candidate 
compounds that contain any of the four following functionality groups : 

1 . Group 1 : a primary or a secondary amino functional group of a primary or a 
secondary amine compound. 

2. Group 2 : an hydroxyl functional group of an alcohol or a phenolic compound. 

3. Group 3 : a carbonyl functional group of an aldehyde or a ketone compound. 

4. Group 4 : a carboxyl functional group of a carboxylic acid compound. 
Said efficient chemical conversion methods include : 

For group 1 , a primary or a secondary amino functional group : 

1 . conversion to an amide by using either an acid anhydride or an acid 
chloride. 

2. conversion to a carbamate by using a chloroformate. 

3. conversion to an urea by using an isocyanate. 

4. conversion to a thiourea by using a thioisocyanate. 
For group 2, a phenol or a hydroxyl functional group : 

1 . conversion to an ester by using either an acid anhydride or an acid 
chloride. 

2. conversion to a carbamate by using an isocyanate. 

For group 3, a carbonyl functional group of an aldehyde or a ketone : 
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1 . conversion to an oxime by using an alkoxylamine. 

2. conversion to a hydrazone by using an alkylhydrazine. 

For group 4, a carboxyl functional group of a carboxylic acid : conversion to a 
carboxylic ester by using either a combination of alkylchloroformate and alcohol 
or a combination of base and alkyl halide. 

Said efficient conversion reactions are selected based on the following 

criteria : 

1 . Said candidate compounds in said terminated enzyme reactions must be 
quantitatively converted to the compound of identical structure, except the labeled 
atoms, as that of said added isotope labeled internal standards using a non-labeled 
reagent. 

2. Absolutely no conversion of said isotope labeled internal standard to said non-labeled 
analog because the conversion of said candidate compound occurs in said reaction 
medium in the presence of said added isotope labeled internal standard. 

3. The conversion of said candidate compound into said compound of identical structure 
as that of said added isotope labeled internal standard has to be accomplished before 
extraction, not after extraction as in many cases of derivatization of GC-MS methods. 

There are other conversion reactions that are very efficient, but said conversion 
reactions are very efficient in aqueous environment and can be performed at room 
temperature and in a relatively short reaction time. Said features are necessary for the 
invented automated metabolic stability assay using isotope dilution MS analysis. 
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BRIEF SUMMARY OF THE INVENTION 



The subject of the current invention provides for an automated method of 
metabolic stability analysis of a library of compounds. Said automated analysis include 
the following sequences : 

1 . automated synthesis and extraction of stable isotope labeled internal standards, 

2. automated synthesis and extraction of non-label version of said internal standards 
for establishing parameters for mass spectrometric analysis, 

3. automated reactions of cytochrome P450 enzyme systems with library 
compounds, 

4. automated termination of said enzyme reactions and addition of said internal 
standards to said terminated reactions, 

5. automated conversion of said library compounds in said enzyme reactions to 
compounds of identical structure as that of said internal standards, 

6. automated extraction of said terminated enzyme reactions, 

7. mass spectrometric analysis of said internal standards, said non-labeled version of 
said internal standards, and said enzyme reactions, and 

8. calculation of percentage of remainder of library of compounds after enzyme 
reactions. 

DETAILED DESCRIPTION OF THE INVENTION 

The method of the subject invention provides an automated metabolic stability 
assay and a quantitative analysis of library compounds after reactions with cytochrome 
P450 enzyme systems using isotope dilution mass spectrometric analysis. 
Chronologically, depending on the type of functional group present in said library 
compounds, the invention provides 

methods of synthesis of stable isotope labeled internal standards of said library 
compounds using only one type of labeled chemical reagent, 

methods of extraction of said internal standards, 

methods of synthesis of a non-labeled version of said internal standards using the 
non-labeled version of said labeled chemical reagent, 

methods of extraction of said non-labeled version of said internal standards for 
use in setting up parameters for mass spectrometric analysis, 

methods of reactions of enzymes of the cytochrome P450 enzyme systems with 
library compounds, 

methods of termination of enzyme reactions and addition of said extracts of said 
stable isotope labeled internal standards to said terminated enzyme reactions, 

methods of conversion of remaining library compounds in said terminated 
enzyme reactions to compounds of identical structure as that of said internal standards 
using said non-labeled version of said labeled chemical reagent, 

methods of extraction said internal standards and said converted compounds from 
said reaction medium, 
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methods of determination of molecular ion and product ion (also called daughter 
ion) of said internal standards and said converted compounds in said chemical synthesis 
extracts, 

methods of selection of ion ratios of said molecular ions and said daughter ions 
and use of said ion ratios in MRM mode (multiple reaction monitoring mode), 

methods of mass spectrometric analysis of said extracts of enzyme reactions in 
MRM mode, 

methods of using mass spectrometric data of said selected ion ratios to determine 
percent remaining of said library compounds from said enzyme reactions. 

Specifically, the method of the subject invention provides methods of 
synthesizing stable isotope labeled amide, carbamate, urea, and thiourea internal 
standards of primary and secondary amine compounds by reacting said compounds with a 
stable isotope labeled chemical reagents selected from a group consisting of labeled acid 
anhydrides or labeled acid chlorides, labeled chloroformates, labeled isocyanates, and 
labeled thioisocyanates. The invention provides methods of converting said amine 
compounds in said terminated enzyme reactions into compounds of identical structure as 
that of said labeled internal standards by adding to said terminated reactions a non- 
labeled version of said chemical reagents selected from a group consisting of non-labeled 
acid anhydrides or non-labeled acid chlorides, non-labeled chloroformates, non-labeled 
isocyanates, and non-labeled thioisocyanates. 

Specifically, the method of the subject invention provides methods of 
synthesizing stable isotope labeled ester and carbamate internal standards of phenolic or 
alcoholic compounds by reacting said compounds with a stable isotope labeled chemical 
reagents selected from a group consisting of labeled acid anhydrides or labeled acid 
chlorides, and labeled isocyanates. The invention provides methods of converting said 
phenolic or alcoholic compounds in said terminated enzyme reactions into compounds of 
identical structure as that of said labeled internal standards by adding to said terminated 
reactions a non-labeled version of said chemical reagents selected from a group 
consisting of non-labeled acid anhydrides or non-labeled acid chlorides, and non-labeled 
isocyanates. 

Specifically, the method of the subject invention provides methods of 
synthesizing stable isotope labeled oxime and hydrazone internal standards of aldehyde 
or ketone compounds by reacting said compounds with a stable isotope labeled chemical 
reagents selected from a group consisting of labeled alkoxylamines, and labeled 
alkylhydrazines. The invention provides methods of converting said aldehyde and ketone 
compounds in said terminated enzyme reactions into compounds of identical structure as 
that of said labeled internal standards by adding to said terminated reactions a non- 
labeled version of said chemical reagents selected from a group consisting of non-labeled 
alkoxylamines and non-labeled alkylhydrazines. 

Specifically, the method of the subject invention provides methods of 
synthesizing stable isotope labeled ester internal standards of carboxylic acid compounds 
by reacting said compounds with either a stable isotope labeled alcohol or a labeled alkyl 
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halide. The invention provides methods of converting said carboxylic acid compounds in 
said terminated enzyme reactions into compounds of identical structure as that of said 
labeled internal standards by adding to said terminated reactions a non-labeled version of 
said labeled alcohol or said labeled alkyl halide. 

Specifically, said cytochrome P450 enzyme systems in said metabolic stability 
assay can be cryopreserved or fresh human and animal hepatocytes, microsomes, S9 
fractions or solutions containing individual cytochrome P450 isoenzymes. 

Specifically, said enzyme reactions include reaction at time zero wherein reaction 
is terminated immediately after enzyme addition. Said MS data of said time zero reaction 
are used as original concentration of library compounds. 

Specifically, said enzyme reactions include reactions at different time intervals 
wherein each reaction is terminated at specific time after enzyme addition. Said MS data 
of said time reactions are used to calculate the percentage of remaining of library 
compounds at said time intervals. 

Specifically, the method of the subject invention provides methods of extraction 
of reactions by solid liquid extraction, liquid liquid extraction, and solid phase extraction. 

Example : 

A library of 4 amines was analyzed for their metabolic stability using human 
microsomal proteins as the cytochrome P450 enzyme system. Aliquots of each amine 
were automatically placed in test tubes which were used for synthesis of its internal 
standard, synthesis of reference standards, and reactions with cytochrome P450 enzyme 
system. The internal standard of each amine is the acetamide-d3 compound formed by 
reaction of amines with acetic anhydride-d6. At the same time an aliquot of each amine 
was treated with acetic anhydride to form acetamide reference standard. Deuterated 
acetamide internal standards and acetamides were then separated by an automated 
extraction procedure. The reactions of amines with human microsomal protein were 
carried out in test tubes in 37°C bath and was terminated by aspirating equal aliquots of 
the reaction solutions into test tubes containing equal volume of acetonitrile as 
terminating reagent. Reactions were aspirated at 0, 30, 60, 90, and 120 minutes. After all 
reactions were stopped, equal volumes of extracted acetamides-d3 were added to 
respective reactions as internal standards. Aqueous sodium bicarbonate and acetic 
anhydride were then added to convert remained amine in each reaction to the acetamide 
while leaving its acetamide-d3 internal standard unchanged. The tubes were mixed gently 
for 10 minutes. Both acetate amide and its acetate amide-d3 were separated from the 
reaction by an automatic extraction procedure. Solutions of extracts containing 
acetamide-d3, acetamide, and both from reactions with cytochrome P450 enzyme sytem 
were analyzed by electrospray mass spectrometry. Molecular ion and its product ion 
(daughter ion) of all acetamides and acetamides-d3 were determined in an automated 
fashion using an autosampler, a mass spectrometer and its analysis software. After all 
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interested ions were determined, analysis of reaction extracts in MRM mode followed. 
The ion ratios of acetate amide to acetate amide-d3 were calculated and plotted against 
time. 

Details of automated sequences are as follows: 

1. Division of the individual amine into multiple equal amounts 

Via a standard liquid handler, aliquots of 4 amines (amine 1, 2, 3, and 4) were 
placed in 3 rows of 4 test tubes at volume of 0.005ml and concentration of 
lmg/ml in methanol. Row 1 was for synthesis of internal standards, row 2 for 
synthesis of reference standards, and row 3 for reactions with human microsomal 
protein. 

2. Synthesis of acetamide-d3 internal standards and acetamide reference 
standards 

Row 1 test tubes were treated with 0.1ml of 10% v/v acetic anhydride-d6 in ethyl 
acetate while row 2 test tubes were treated with 0.1ml of 10% v/v acetic 
anhydride in ethyl acetate. Next, aliquots of 0.1ml 1M sodium bicarbonate were 
added to both rows 1 and 2. Tubes were mixed and allowed to stand for 10 
minutes. Then, reactions were aspirated into filters containing hydromatrix® 
powder and aliquots of 0.900ml ethyl acetate were added to filters. Filtrates 
contaning acetate amide-d3 were collected in new row 4 test tubes while filtrates 
contaning acetate amide were collected in new row 5 test tubes. Each of these 
filtrate solutions were assumed to be at the concentration of 0.005mg/ml in ethyl 
acetate. 

3. Reactions of amines with human microsomal protein 

Row 3 test tubes containing 0.005ml of amine at lmg/ml in methanol were treated 
with 0.345 ml of 0.1 M phosphate buffer pH 7 and 0.025ml of 20mg/ml human 
microsomal protein. The test tubes were incubated at 37°C and were added 0.125 
ml of buffer containing NADP (1.7mg/ml), glucose-6-phosphate (7.8mg/ml), 
glucose-6-phosphate dehydrogenase (1.5 units/ml), and sodium bicarbonate 
(20mg/ml). 

Immediately at time 0, 0.100 ml of row 3 reactions were aspirated to row 6 test 
tubes containing 0.100ml acetonitrile each. At time 30 minutes, 0.100 ml of row 3 
reactions were aspirated to row 7 test tubes containing 0.100ml acetonitrile each. 
At time 60 minutes, 0.100 ml of row 3 reactions were aspirated to row 8 test tubes 
containing 0.100ml acetonitrile each. At time 90 minutes, 0.100 ml of row 3 
reactions were aspirated to row 9 test tubes containing 0.100ml acetonitrile each. 
At time 1200 minutes, 0.100 ml of row 3 reactions were aspirated to row 10 test 
tubes containing 0.100ml acetonitrile each. 

4. Sample processing of microsome reactions. 

Rows 6,7,8,9, and 10 test tubes contained microsome reactions that was 
terminated by 0.100ml acetonitrile. An aliquot of 0.050ml solution of acetate 
amide-d3 in row 4 test tubes was aspirated to each of rows 6,7,8,9, and 10 test 
tubes. Next, an aliquot of 0.1ml of 10% v/v acetic anhydride in ethyl acetate and 
an aliquot of 0.1ml 1M sodium bicarbonate were added to rows 6,7,8,9, and 10 
test tubes. The test tubes were gently shaked for 10 minutes and were aspirated 
into filters containing hydromatrix® powder that was sitting above test tubes of 
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rows 11, 12, 13, 14, and 15. Aliquots of 1ml ethyl acetate were aspirated into 
filters and filtrates were collected in rows 11, 12, 13, 14, and 15 test tubes. 
5. Automated mass spectrometric analysis. 

Aliquots of 0.050ml of rows 4, 5, 1 1, 12, 13, 14, and 15 test tubes were placed in 
autosampler vials for mass spectrometric analysis. Total of 28 vials (1 to 28) were 
programmed for electrospray MS analysis using Ql scan mode and product ion 
scan mode for reference standards and internal standards (vial 1 to 8), and using 
MRM mode for microsome reactions (vials 9 to 28). MRM mode of analysis or 
tandem MS analysis of 4 amines were set up as follows : 
Amine 1 : acetamide 178.1 -> 91.0 ; acetamide-d3 : 181.2 -> 91.0 

Amine 2 : acetamide 192.2 -» 91.0 ; acetamide-d3 : 195.2 91.0 

Amine 3 : acetamide 236.2 -> 105.0 ; acetamide-d3 : 239.3 105.0 
Amine 2 : acetamide 250.0 -> 105.0 ; acetamide-d3 : 253.2 105.0 



Ion ratios of acetamide to acetamide-d3 for amine 1 to 4 are as follows : 





0 min 


30 min 


60 min 


90 min 


120 min 


Amine 1 


0.45 


0.31 


0.33 


0.28 


0.27 


Amine 2 


0.35 


0.22 


0.21 


0.23 


0.19 


Amine 3 


0.36 


0.20 


0.22 


0.22 


0.21 


Amine4 


0.92 


0.60 


0.69 


0.80 


0.72 



6. Calculation of percent of remained amine compounds 

Using the amount of amine at time t=0 as 100% , the % of remained amine with 



time is tabulated as follows : 





T= 0 min 


30 min 


60 min 


90 min 


120 min 


Amine 1 


100% 


69% 


73% 


62% 


60% 


Amine 2 


100% 


63% 


60% 


65% 


54% 


Amine 3 


100% 


56% 


61% 


61% 


58% 


Amine 4 


100% 


65% 


75% 


87% 


78% 
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